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WING-FLOW TESTS OF 4 TRTANGULAR WING OF ASPECT
RATIO TWO.—- L. EFFECTIVENESS OF SEVERAL TYPES
OF TRATLIRG-EDGE FLAPS ON FLAT-PLLTE MODELS

By George A. Ratheri, Jr.,
and George E. (Uooper

SUMERY

The problem of applying controls to low-aspect—xratic wings of
triangular plen foriz has been investigeted by means of tie WLCA
wing—<low method using paralliel-sided molels having sharn leading
end trciling edges. Thae control-effectiveness paremeters do/dbe
end dCn/i8r were determined for Cy = O In the Mach nvmber range
from 0.5%0 to 1.1C0. Constent-—<chord asnd constent-percent-chord
trailing-edge fleps, and triengular drooved~tip flapa were tested
on & basic plan form of aspact ratlio two, and semiverliex angle of
26.6°. Ix all cases the flap area to total-area rctio was 0.20.
The test Reynolds nwrbers voried fram 50,000 to 1 +300,000.

The low—apeed results svggested that the inboord portion of
the tralling edge was the most effoctive erea for the location of
a 1lift-producing flap-type control, At a Much number of 0,50 the
effectiveness of the cdnstsnt——perce:;’s——chord fl=p wos only about
10 percent less thon that meesured elsewhere in two-dimensional
teats of o plain—-flap streight—wing cobinotion having an
NACA 65-210 airfoil section. y

deither the basic plan form nor any of tho control surfaces
exhibited any critical stick—Fixed charscteristice in the ¥transonic
gpeed. range within the ronge of normnl-force coefflcienta tested,
+0.40, Thae flap effectiveness, both pitching-moment end 1ift—
vroducing, drcpped to cbout holf the low—sgpeed values necr a Mach
number of 1,0 and then began to recover. Thre pléin—fori ncrmal—
force curve slove and the location of the asrocdynamic conter did
not vary appreciasbly with Mach number. The deflection of a constant—
chord flap woes slightly d.est-..bilizing but did not affect the Iift~—

. curve slope.
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The lift~producing effectiveness and plan-form .characteristics
of a 45° ewept-back constant-chord flap on & modified plan form of
the same aspect ratio and vertex angle wore also mesasured and arse
presented in the report.

INTRODUCTION

The use of low-asgpect—ratic wings of triangular plan form has
been suggested in reference 1 snd elsewhere as one megns of achieving
moderate supersonic speeds. Theorstlcal analyses of the 1lift and
wave-drag characteristices at supersonic speeds are presented in
references 2, 3, and 4., Very little informetion has been published,
however, about the application of cantrol surfaces to such a plan
form. The present report is cohcerned with the relative effective—
ness of different types of contro] surfaces, particularly in the
transonic speed rangse.

A preliminary survey of thls problem hes been conducted by the
NACA wing-flow method, which is described in reference 5. Simple
half-—gpan flat-plate models with sharp beveled leaeding and tralling
edges were umed. The 1ift and pitching-moment characteristics of
three different typea of trailing-edge and tip Tleps were mesasured
in the Mach number range from 0.50 to 1.10. The Reyrolds number
range wes 500,000 to 1,300,000. The lnvestigation was conducted
on a triangular plan form of aspect retio. two, semivertex angle
of 26.6°, using a flap-ares to total-area ratio of 0,20, The plun
form selected is the sublect of a general coordinated yesearch
program on low-aspect-ratio wings now being conducted at the
Ames Aerocnautical ILaboratory.

In order to permit qualitative comparison of the results
obteined in the present tests with known trends (referencs 6), a 45°
swept~back constant-chord flap was tested on g modified plan form of
the same asvect ratio and semlvertex angle as the triengular wing.

SIMBOLS

The following symbols are used in This report:

A aspect ratio (bZ/S)
b full span,-inches
Cm pltching-moment coefficient (2M'/qST)

aSPNRIRINR
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Cx normal-force coefficient (2W/qS)

3 mean geometric chord, inches

H test—station total pressure, p&tmds per square foot

H, free—stream total pressure, pounds per squere foot

M tost station Mach nuvmber

M?t pitching moment acting on helf-spon model about the &/b
axis, inch-powmds '

jig normel fc_}rce acting on half—spzm moéel, pounds

q test--station dynomic pressure, pounds psr square inch.

S full-span plan~form area, squeare inches

o ongle of.atback, degrees

oppoaT angle—of-attack data recorded by flooting balance

&p controi~surface angle meaeured in a"'plane perpendicular
to the hinge line, degrees

e rlon—form semivertex angle, degrees

m arc sin 1/M

TEST METHODS AND EQUIPMENT
Method '

The hnlf—-span models were teated in ths region of eccelsrated
flow over the wing of a P-51B asirplane and were mounted on small
recorilng balances installed within the wing under the test stations.
The desired control—effectiveness pearcmeters were measursd in two
ateps. : _ . -- -

In the first series of tests tho mofsls were free to rotate to
the angle of wattazk for zero pitching moment sbout a pivob axis on
ths bolance.” The normal~force coefficients were computed from:

gimultanecus metsuremcnts of the flocting angle ond the plitching

. -7 .
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moment ebout the medsl T/4 axis. These measurements were made
throughout the test range of Mach number for several deflections
of each type of flap. The angle-of-attack and pltching-momsnt
data were then corrected to zero-iift conditions using normeli-
forece curve slopes determined by testing a representative modsl
of each plan form on a three—component balance which was driven
continuougly to vary the angle of attack.

Models

A photograph of the geries of models tested is presented in
filgure 1. The detailed dimensions are given in FPigure 2. Each
model was fitted with an end plate of the type shown in figure 3
to minimize the offect of the mlot cut in the test statlion skin
to peymlt the model to rotate.

The control—flsp anglcs were obtained by bending the models
along the desired hinge linos. The edges of the flaps in the bent
condition wers straight within +0.0), inch. The grooves machined
near tho hings linees te provide rellef for the bending operations
wore filled with putty, as can be seepn in figurs 1, and rubbed
down to a smooth contour.

Balances - -

Two different types of recording balances were usged during
the tests. On the floating balence illustrateud schematically in
figure & the modsls were free to rotate about a pivot axis (A — A)
ahead of the model leading edge. The angwlax position of the shaft
A — A was recorded photographically by an optlcal systom using a
mirror mounted directly on the shaft. The pltching moment about
axig B —~ B was measured by electrical etraln gages on a
cantilever arm restraining the shaft B — B in torsion. The straip-
gage output was transmitted to a standard NACA recording galvanometer.
The longitudinal position of tho axis B — B was alined with- the
€ /4 point on sach model.

The other balance nsed was a small three-—camponent straln—gagoe
balance which measured the normal force and pitching moment acting
on the model conbimuously as the model was oscillated through 8
7 fixed anglo—of-attack relige at an average rate of l. 6°. por gsocond.
" The rotation was about & lateral asxis passing through the gquarter—
chord point of the mean ssrodynamic chord. :
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TEST STATTION

Flgurse 5 is a photogzaph of the test station with a modsl
installed. The sguare vane in the upper pert of the photograph
is a reference vans connected to & selesyn instrument which records
the angle of inflow of the air gtream over the test station. The
difference in inflow between the reference vane and the test
station was measured using a symuetrical vane on the modsl balance.

The charecteristics of the air flow over the test station are
summarized in Figure 6, whieh includes the surface chordwise and
the subsonic vertical Mach nuber distributions, and representative
boundary—layer total-pressure profiles. The alrplane sparnwise
velocity distributlons were also messured and the gradients were
found to be negliglbls.

The chordwise Mach number distributions (fig. 6(a)) were
determined from o series of atetic—pressure measurements made at
the' test station with no modsl in place. These distributions wers
quite fiot, precluding any significant chordwise differences in
Moch number over the model. axrea. The flat pressure distribution
d1d tend to mmke ths position of the mein shock wave somewhat
unstable at local Ms=ch numiers of 1,00 to 1.05. Appearance of &
shock wave on the test station was signsled by a definite unsteady
shift in the inflow angle indicated by the reference vone, and data
taken under such conditions were not used.

The vertical Mach number gredienta et the test station were
checked lndirectly by measuring the spanwise distribution of local
Mcch number et the 60-vercent—chord point on a 10-inch-high wedge—
shoped airfoll located at the test station. The local Mach numbers
(rig, 6(b}) were computed from meesurements of the total and static
Pressure on the surface of the wedgs. The Indicated gradients
correspond quite closely to the Mach number correction factor of
0.98 presented in reference T for use with a 5.69-inch-high modsl,
For the present tests of & 3—~irch-high model, a correction factor
of 0.99 was applied to the triungulax—tip_fl&p dote and no
correction applied to the trailing-edge—-type £lap data.

The test atation boundary—layer profiles (fig. 6(c)) were
measured with a small btotal-head rake, The resulis indicate that -
the boundary layer should not have apvreciably affected the air .
Tlow over ths root porticn of the models and fleps.

The varlation of model Reynolds number with test sbtation Mach
number 1is presented in figuyre 7. The Reynolds numbere ere based on
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the mean geometric chords of the mqdels, 4,0 inches for the
triangular plan form and 3.25 inches for the swWwept—back plen

form, The curves shown are average values, having been computed
by assuming isehtropic expansion to the test station from the
NACA standard atmosphere at the test pressure altitude of

15,000 feeot. Computed deviations from the curves of figure 6
cauged by differences in the free-air temperature and the pressure
altitude were found not to exceed 5 percent.

ACCURACY

The debeiled discussion of accuracy is confined to the
accvuracy of measursment of the various physical gquantities
prosented as test deta. There are several factors inherent in
the wing—flow test technique which moy largely affect the useful—
ness of the data for specific quan+itative design purposes,
principally the effects of the cbnormally .Jow Reynolds numbers.
There are not, however, sufficilent correlation data available at
the present tims to Justiiy discussion in this report. Pending
the availebllity of such data, the emphasis in-the discussion has
been placed on the ouawltetive results of the tests and the trends
which are indicated.

Test Staticon

The evaluation of the. test station Moch mumber and dynamlc
pressure 1s based on aversged measurements obtained during more then
70 check flights. Eoch of the test polnts was recorded duvuring n
individual constapt Mach mumber dive to obtain as steady flow as
posaible over the test station. The variutions from the daote of
figure 5(a) ot any given airplane Mech number were found to be less
than 2 percent, and it is assumed that the same accuracy aprlios
to the teat flights with the models in placse.

Flozting Balance

The model angle of attack  oppgap WwWos determined from three

different measurementa: +the flooting oangle of the test balance,

the inflow engle indicated by the roference vane, and the
colibrated difference in inflow botween the model station and the
reference vane. Ths angular position of the test balance was
recorded by a direcct optical system with an error of =0.1°% to +0.3°,

g e

>



NACA FM No. ATG18 «GONREM— T

This error includes thot due to deflection of the piltching-moment

gage, O to 0.2° for the range of pitching momdnt encountered. The

position of the refeorence vune was recorded by o selayn system with

an over—all accuracy of #0, 50, The difference in inflow between

the test station =nd the reference vahe varied about £0.1°., The went
cumulative accuracy of the oproay data is thersfore 10,80, which 4k %,3°
is a somevhat lorger exror than is actually indlicated by the amount %

of scatter in the data. (See fig. 8.)

The accuracy of the floating-balance pliching-moment data is
limited by the sensltivity of the recording galvanometer and the
offect of ambient—temperature changes on the zero-load reading of
the strain—gage electrical circult. The correct zero reading was
determined by repeating the flighit—test procedure with nc model in
place., Agreement obtained on different flights at similar balance
canpertment temperatures Indicates that thils correctlon technique
reduced the zero shift error to the order of a Op- of xC.002 &t
& Mach number of 0.5. The remainder of the mcatter indicated in
figure 9 is attributed to insufficient galvencmeter senaltivity.

Driven Balance

Angle--of-attack measurements in the driven balence are very
similar to those of the floating balance discussed previously.
The expected accuracy is ‘the sams, 10.8°,

J—————

Strain—gage measurements of the normal force and pltching
moment are subject to the seme zero—shift correction discuassed
for the floating-balance pitching moments., The zero-shift errors
in this case, agein at & Mach number of 0.50, are eguivalent to
'#0,01 Gy and 30.00h Cp.

) Continuous oscillation of the model during the runse introduced

another error in the form of hysteresls which can be observed by
comparing the data for Increasling and decreasing angles of attack
in figures 10 and 11, This effect is very pronounced in the
pitching-moment data. (See fig. 11.) It should be nobted that the
date are used in this report principally in the form of the slopes
d.CN/d.cr, and 4C /dCN and that these values are not affected by the
direction of rotation of the model.

Due to & slight asymmstry of the normal~force gages aboul the

neutral axis of the balance spindle, there was some interactlion
between dreg and 1lift at high loads. In ordsr to avold errors
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greater than +0.01 in Cy, it wasg necessary to restrict the range of
date presented to Cx of +0.L40,

RESULTS AND DATA ANALYSIS . .
Results

The measured variations of floating angle with Mach number at
several different deflections for each type of flap are presented
in figure 8. The corresponding values of Cp are given in
figure 9. The driven balance force--tast results are.presented in
figures 10 and 11 for the triangular plapn form with constant-chord
flap and in Tigures 12 and 13 for the swept-beck plan form, &f = 0°,

Data Anslysls

. The geamatric characteristics of the floatling balance,

figure 7, indicate that the measured flioating angls is gctually
the angle of attack for Oy = (¢/4,3) Op. In order %o obtain
mm/daf at zero Cp, the agrozy data were corrected to o for
Cy = O = C1, by the sguation:

1

Q: = — A r———
T, = FLOAT — ON X 3Cn/an

The normel-force coefficients were computed as (¢/4.3) X Cp
from the data of figwrs 9. The normel-force curve slopea dCy/de
which are presgented in figures 1l and 15 as & functlon of Mach
number, were determined from the date obtained on the driven
balance. (See figs. 10 and 12,) An exmmple of this correction
procedure is presented in figure 16. The assumption has been made
that dOy/de 1is & function of plan form only and is not affected
by flap -deflection, This -assumption is. supported dy the data of
figure 1k showing the normal-force curve slope unaffected by the
constant—chord flap deflected 15.2° :

The correction 4o zero lift conditions ocutlined in the
preceding peregraphs has been applied 4o the faired data of figure 8
at various increments of Mach number, The results are plottec in
figure 17 as curves of &1, agalnst flap ongle at constant Mach
number. The desired lift-effectivencss paramoter do/dBr woe read
as the avercge slope between &f = 5° and 15°. These data are
presented in figure 18 for esch type of flap as & function of Mach
number.

oSSR
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A similsr procedure was used to determinse the pitchiﬁgdmmment

effectiveness de/d- - for the triangular—plan~form controls., =
The pitching-moment slopes derived from the force—~test Gata are .~

presented in figure 19, (Cmgy )C—L=O against By 1in figure 20, and
dC,/d% as a function of Mach number in figure 21.

It will be noted from figure 19 that the constant-chord flap
deflected 15.20 decreased the pitching-moment slops dCp/dCy about
0.011. This change has been extrapoleted to the "cther regqulred
flap angles, and gpplied to the constant—percent—chord-and trianguleor
drooped—tip flaps es well. Due to the low values of CN3 the
actusl slopes ussed to correct the floating-balance data for the

triangular drooped—tip flaps to zero Cy do not have an appreciable
effect on the control-effectiveness slopes da/dPp end daCy/dSe.

DISCUSSION
Reynblds Number end Separation BEffects

Befors procesding with the general discussion it is advisable
to mention the very limilted amount of data obtained on Rsynolds
number and separation effects. The Reynclds number range presented
in figure 7 represents the maximum attainable with the modsls on
the test ailrplane because of restrictions on the size of the flow
field over the airplane wing and the minimm safe altitude fer
conducting the necessary dives. It was possible to.reduce the
Reynolds number by repeating flights at a higher test pressurs
altitude (25,000 ft), and this was done during the flcating tests .
of the triangular drooped—tip flap deflected 18.40, These test
data, added to figure 8(a) using diamond symbols, corrsspond to
Reynolds numbars of 500,000 to 1,000,000, rather than 700,000 to
1,300,000. There is no appreciable effuct of Reynalds number in
this very low range. All subsequent models were tested at 15,000
feeot pressure altitude and the Reynolds niumbers presented in figure 6.

In evaluating triengular or low-especi—ratio plan-form data,
1t should be remefibered that the Reynolds mumbers are based on the
mean aserodynamlc chord length and thersfore, undor.ccmparable teatb
conditione, are considerably larger than those for more conven-
tional straight wings of equasl area.

In view of the possible importance of separation effects, one

model, the trianguler plan form with constent-chord flap, was
tested first with the ridges caused by the bevels left gharp, and

CGSNPIRENE.
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then tested with the edges polished to a small radius, Although the
sotual extent cf seperation and the amount 1t was affected by
rounding 8reunknown, there was no sppreciable effect on the test
results; all other models were tested in the rounded condition’ omly.

Flap Effectiveness

Significant direct comparisons of:control effectiveness are
guite difficult to make when dealing with types of flaps having
hinge lines of varying degrees of aeweep. One of the best bases for
comparing the relative effectiveness of different control surfaces
would be the hinge moment required at the hinge iime to produce a
given increment of total 1ift or of piliching moment about a given
axis. Such a camparison would, however, require the use of hinge—
moment data, which is beyond the scope of the present teets.

The effectiveness perameter availgble from the test deta is
do/dBr. The use of this parameter, however, ia complicated by the
fact that o« 1s measured in a plane paralle) to ths relative
wind; whereas &f 1s usually measured in a plane perpendicular
to the hinge line. Thus, two flaps of equal area mey produce
egual Increments of angle of attack when pleced at the ssme angle
with respect to the relative wind, but the numerical walue of
do/d8r for a highly swept flap will be considerably less than
that for a straight flap. The swept flap, however, will have %o
be rotated through a greater angle at the hinge line to produce
the desired relative wind angle, necessitating hinge-moment measure—
ments to determine the relative-efficiencies correctly.

In the present report both the payameters da/dbs and
d0pm/ddr .are presented with & measured in a plane perpendicular
to the hinge line. All comparisons in the following discussion
have been made on this basig., If it is desired to compubte the
values of da/dd; or dC,/dd, based on figp angles measured in
a plane perallel to the free-stream direction, the necessary
conversion factors |(Aa/d8p)pgiptive wina = couversion factor -

X (da/dﬁf)hinge liné] to be applied to the summary data”of
figures 18 and 21 are presented in the follawing table:
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i m e of control % gen'\;ei-sion factor b _

i Constant chord 1.00

¥ .. A" .

| Constant percent L
! chord 1.08
% Triengulay )

. drooped tip . 2.25

¢ 45° swept back | 1.h1,

. Lift effectivensss,- The data presented in figure 18 show 'bhat
the coneta.nt—percent--chord flap is the most effective uria.nguJ:ar
plan—form control at low sliseds: d.cr./d.S = 0,46 at a Mech numbe:c L
of. 0.50, followed by the corstan'b—chom flap, —0.12, ond the .c- ¢
triangular drooped~-tip flap, —0.27. The relative positiorms of the
constant—chord ‘and condtant-perdent-chord flaps immediately suggest
that. the inboaxrd porition of the trailing edge is the most effective
ares.for the location of lii‘t—prod.ucing fla.p—type controls at
sub&onic speed.s.

\ Both the; constant—percent—ohord and the ‘constant—chord flaps ,
apbea.r +o posses& acceptably high effectiveness at low speeds on
the 'bagis of thé comparison presented in figure 18 with a constant-
chord flap on a straight wing., The value of da/dlr obtained at a -
Mach number of 0.50 with the constent-20-percent—chord flap is onty
10 percent less then that meaaured 1n the two-dimensional tegte

of a 20-percent—chord plain flap on an NACA 65-210 airfoil section
reported in reference 8, The effectiveress of the 1450 Bwep'b-'bac]?."
flep, also rresented in figure 18 is cdmparatively low, -0, 2)1{- the
at & Mach mumber of 0.5. 2G

At higher Mach numbers all three trianguler plan—foxm comnrtrols
lose effectiveness graduslly, dropping to a minimum of about
55 percent of thelr low—-speed effectiveness nedy a Mach number of
1.0. This gradual deterioration is in marked contrast with the
behevior of the plain—flap stralght~wing combination, which
loses ef‘fectivepess'very ra.pid_ly.above & Ma.ch number of 0.‘82.'_ -

At still higher speecds, above a Ma.ch number of 1. 00, the

triangular plan—form controls. begin to recover effectiveness. The
constant—chord and tria.ngular dreoped—tip flaps reoover quite
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raplidly to TO percent of their lOWaspeed effectiveneés at & Mach
number of 1.075, , . :

As would be expected-the drop in effectiveness of the L5°
swopt—back flap is delayed to about a Mach number of 1,0. There is
no evidence of the recovery noted on the triangular plan—form
controls; however, 1t seems reasonable to assums that it would
probably occur above the highest Mach number which could be reached
in the tests, 1.10.

Although the veriation of angle of attack wilth flap angle,
shown 1In figure 17, is linear in the yange f(Sf 50 o 15°) used
in preparing figure 18, it is obvious that the curves of figure 17
will not be lineax In some small range on elther side of gzero flap
angle, The explanation of this result has not been determined. A
gimilar type of date showing the same hehavior may be cbserved in
figure 6 of reference 6. The random varistions in the sequence of
test Mach numbers end the fact that each flap angle wes tested on
geparate flights yule out the possibility of progressive expexri—
mental errors or zero shifts,

In view of the definition of £flap angle as measured In a
plane perpendlcular to the hinge line rather thap parallel to the
free—stream direction, it is interesting to note in flgure 1T that
both the constent—chord and the triangulax drooped~tilp flaps begin
to lose effectiveness at about the same flap angle, 15 . Up to a
Mach number of 0.60 the constent—percent—chord flap chareacter—

" "istice remain linear at 20,7°, the highest flap angle tested.

Above a Mach number of 1.00 the constant—chord and triangulaxr
drooped~tip flap charscteristics becoms linear at the highest
angles tested; whereas those of the constant—percent-chord flap
begin to fall off at &p = 159, Tt will be noted from figure 18.
that the tendency to recover the low speed da/dﬁf also was less
rronounced with this flap.

PBliching—mament: effectivenesg.— The ability of the three
triengulay plen-form controls to produce a change in pliching
moment about the T/4 (50-percent—root chord) axis is summerized
in figure 21, The characteristics are very similer to the 1lift
effectiveness dlscussed previously except that the mininmmum
effeétiverness occurs at slightly lower Mach numbers and the
tendency to recover at supersonic speeds is more pronounced. The
data do not indicate sufficient differences Iln effectivenecss between
the constant-chord snd constant~percent—chord fiaps to provide any
basis for selecting the best type of control,
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Figure 22, which 1s a reproduction of figure.7 of reference 7
with soms of the present resulis added, summarizes Indications of
the effectivenese at transonic speeds of several types of cantrolas
and plan forms by comparing the flosting angles in the transonic
speed renge with the floating angle at a Mach number 0,70. Again
the figure emphasizes the contrast between the gradual modersate
loss in effectiveness and subsequent recovery of the triangulasr plan—
form controls, and the rapid and very gevere changes eXperienced by
the straight—wing plain—flap and dive~recovery flap combinations.
Also in Ffigure 22, the swept—flep results (item (5)) are comparsd
wlth those obtained during other wing—{low-method tests (reference
6) of a similar configuration with e 14.1° semivertex angle
{item (1)). The qualitative agreement is good, althaugh the
present test configuration loses more effectiveness than that of
the referenced tests. This could be attributed to the slightly
different plan form of the model of reference 6.

Plan—~form Characterlstics

Trisngular wing.— The variations of normal-force curve siope
dCry/dc and the pitching—moment slope 4&Cy/dCy with Mach number
are pressnted in filgures 1k and 19, respectively. It will be noted
from figures 10 and 11 that the normal force and pitching moment
vary lin.ea.rly wi'bh angle o*’ attack throughout the l_mi"'ed. test
rengo.,

The value of normal—force curve slope is guite high, 0.055,
and does not vary with Mach mumber through the renge of. the tests,
0.57 to 1.05. A slops of only 0.045 is indicated by the potential-
flow thoory of reference 9. As resported in reference 10, a 25-F00t-—
span model of identical plan form with & symmstrical )—percen‘b—-
thick doublo—wedge airfoil sec'bion has been tes‘tec. aend & lift—curve
slope of 0.040 cbtained.

The theoreticsl slopes cormputed according to Jones (reference 1)
and Brown (reference 2) have been added to figure 1l as a metber of
interest, although the excellent agreement ls not too significant
In view of the limitetions expressed 1n reference 1 with respect to
the magnitude of the semivertex angle and in reference 2 with respect
to the Moch number. In reference 11 an experimental criterion for
the high Mach number limit of applicability of the lift-curve slope
derived in reference 1, dCr/da = 2r tan g, 1s presented in the form
tan € /ten m = 0.30. (See Pig. 1k.) This oriterion indicates that
Jones'! derivation should apply fhroughout the range of test
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Mach numbers. The teate of reference ll, however, were conducted at
higher Maoh numbers; consequently, the vértex angle at the critical
value of tan ¢/tan m was smaller and more nearly approximated the
agsumptions expressed in reficrence 1 than did the prosent models.

The pitching-moment slopes (fig, 19} indicate that tho
acrodynamic center was at approximately 36 vercent T. This agreecs
very well with the low—soeed position of 37 percent € measured in
thoe previously discussed tests of reference 10. The deflecticm of
the constant-chord flap 15. 2° was slightly destabillzing, moving
the aerodynamic center forward 1 percént. The position of the
serodynamic center did not .change appreciasbly with Mach number, so
that na critical plan~form characteristics were cobserved at low
1ift coefficients 1n the transonic speed rangse, :

This presentation of plan~form characteristics has been
limited to a Cy range of 40,50 in order to remain within the
stated accuracy limite. That tThese résults should not be
extrapolated to higher 1lift coeffilcisnts is definitely indicated
by the discussion of low—-speed tests presented in referemce 10, It
was shown Iln this reference that, at 1ift coefficients of approxl--
mately 0.6 to 0.8, there was considerable separation of fiow on
the sharp leading edges of the wing, resulting in distinct breslks
in the moment and force variastions with angle of attack in such a
way as to reduce the trailing-edge flap-control effectiveness. A
discusslon of' the effect of this Fflow separation on the 1ift--
producing effectiveness of a gonstant-chord spllt flap is included in
the reference. Ieadlng-odge separation in the case of a two—
dimensional wedge—shaped eirfoil has been .dlscussed in reference 12,

Swept-back wing.— Filgure 15 shows that the normal—forcc curve
slope drops off very slowly from O.0hMkat low spoeda to 0.0kl at
a Mach number of 1,03 end then falls off moéré rapidly to 0.035 at
a Mach number of 1,1. It ls noteworthy that these data.do not
indicate any inorease in norma.l-—-force curve slope a.t. high sub.:sonlc
Mach numbers. :

The pitching-moment slopes (fig. 23) again show little change
with Mech number up ta a Mach number of 1,03, The serciynamic
center almost colncides with the center of area,. Above a Much
number of 1.03 the serodynemic center moves ftarthsr aft and 1s @
55 percent € at a Mach number of 1.10, Although the qualitative
verietion ia reasonsble, tho serodynamic center locat;.on secms
to be considerably farther aft than compax ison with the triﬂ.ngular
plan form would indicate.
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Angle of. Zero yift

The angle of zero 1ift of 'bhe 'bri&.ngular 'olan form With the
constant—chord flap deflected changed considerably with Mach number.
This variation is shown in figure 24 using results from both the
force tests and the Floating-snglc, tests to demonstrate that the
shift was not a peculiarity of che or the other test msthod. A
similar shift is apperent in all of the floating-ongle date (fig. 8).
for the control surfaces tested on the triangular plan form. The
equivalent shift in the pitching moment at zero 1ift is.shown in
figure 25.

Trisngular Plan-Form Flying-Wing Cheracteristics

The results of the present tests have been used to estimate
some of the sharacteristice of & hypothetical flying—wing airplane .
of triangular plan form with a constant—chord flap for longitudinal’
control. A center—of-gravity positlon ot 25 percent € and level
flight at 40,000 feet altitude with a wing load.ing of 45 pounds
Per sgucre foct have been assumed .

.Figure 26 presents the veriation of pitching-moment coeffi—
cient with normal—force coefficient at four flap angles for
several Msch numbers. In figure 27, these dota have been cross—
plotted ot the trim normal-force coefficlent ¢orresponding to sach
Mach nmumber. Since the models were symmetrical, it has been
assumed that up-flap deflection produced an equal pitching-moment
change of opposlite sign to that measured for an squal down—Llap
deflection. The curves of Tigure 27 are broken in the rangs
around Bp = 0° where Cm apparently.dosscnot:vary linsarlv vci.'bh

Sre

The varilation of Tlap angle required for balonce with Mach
number, determined from the Cp = 0 interczepts on figure 27, is
presented in figurs 28. The total change in elevator angle
required for 'balan_,e in the Msch number range from 0.70 to 1,075
is less then 2°. There do not appear to be any stick—f1xed—
control characteristice in the Mach number and lift-—coefficient
ronge covered which would be critical in the design of the
longitudinnl—control system.

CONCLUSTIONS

The conclusions formed during this preliminery survey of the
problem of opplying control su_rfa.;e__s__j;p_.ﬁ_l._ov-—aspec'b—m‘bio wings of
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triangular plan form in the normel-force—coefficient range 0,40
may be summarized ag follows

l. The inboard portion of the trail*ng adge was the most
effoctive aroa tested for the locatlon of a lift-producing flap-—
type control at subsonic speeds. (In defining the effectivensss,
the f%ap angle was measured in a plane perpondicul&r to the hinge
line

2. Both constant—chord and constent-percent—chord trailing-
odge Tlaps eppeared to have satisfactory lift—producling offectivenoss

at low speeds -whon compered to a plain-flap straight—wing combination

cof equal flap arca to total-area ratio.,

3. All throe triasngular plan—form ccntrols exhibited modﬁrate
transonic characteristics, graduslly losing about half of their
low—-gpoed effectivencss near e Mech numbur of 1. 0 and then recover—
ing st higher gpoods.

h, Neither the plan-form lift—curve slope nor the location
of the aerodymamic center changed eppreciably from Mach numbers of
0,54 to 1.07. Doflection of-a constant—chord flap had a slightly
destabilizing cffect but did not change the lift—curve slopo.

5. The tcst resultes did not indicate eny critical stick-Iixed
longitudinal—control characteristics from Mach numbers of 0.30 to .
1.10 within the range of Oy = $0.40 which would furnish a bosis
for selecting the type of control to be used on‘a given deslgn.

Ames Asronaubtical Laboratory,
Wational Adviscry Committso for Asronautics,
Moffett Field, Colif.
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